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A potential obstacle to successful gene therapy for some patients is the 
in vivo production of neutralizing antibodies against the recombinant 
therapeutic product delivered. This is a problem inherent to all gene 
therapy methods, regardless of the vector used to deliver the protein. 
This clinical situation can be mimicked in animal models by delivering a 
foreign protein (i.e., a human protein) to the animal to provoke 
anti-human protein antibody production. The efficacy of different 
immunosuppressive treatments to inhibit the development of neutralizing 
antibodies can then be investigated. The immunosuppressive agents 

examined . . 

here include drugs (e.g., cyclophosphamide, FK506) , cytokines 
(e.g., interferon-gamma, interleukin-12 ) , and monoclonal antibodies 

^^*^'lnti-CD4, anti-gp39, CTLA4-Ig) . It has been found that a high 

level of antibody suppression is necessary to allow prolonged delivery of 
a foreign protein. Immunosuppressive agents capable of this high level of 
suppression will be important adjuncts to prevent treatment failures in 
situations where patients are at risk of developing neutralizing 
antibodies . 
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AB A potential obstacle to successful gene therapy for some patients is the 
in vivo production of neutralizing antibodies against the recombinant 
therapeutic product delivered. To mimic this clinical situation, we 
implanted microencapsulated recombinant cells producing human growth 
hormone into C57B1/6 mice to provoke antihuman growth hormone antibody 
production. We then investigated the efficacy of different 
immunosuppressive treatments to inhibit the development of neutralizing 
antibodies. The experimental mice were treated with either an 
immunosuppressive drug (FK506 or cyclophosphamide), a cytokine 
(interferon-gamma [IFN-gamma] or interleukin-12 [IL-12], or a monoclonal 
antibody (anti-CD4, anti-gp39, or CTLA4-Ig) . Serum human growth 
hormone and mouse anti-human growth hormone antibody levels were measured 
by enzyme-linked immunosorbent assay (ELISA) for 4 weeks. There were 

three . ^ 

patterns of response noted among the seven treatment groups. First, the 
mice receiving IFN-gamma, IL-12, anti-gp39, or CTLA4-Ig were 
similar to the untreated controls-no suppression of anti-hGH antibodies 
and no improvement in delivery of hGH. Next, the mice receiving 
FK506 or cyclosphosphamide showed > or = 90% suppression of 
antibodies but also no improvement in product delivery. Last, the mice 
receiving anti-CD4 showed almost complete antibody suppression over 1 
month postimplantation. Furthermore, only anti-CD4 permitted a sustained 
level of human growth hormone delivery to day 28, m contrast to the 
controls whose human growth hormone delivery was undetectable by day 14 
postimplantation. Hence, the use of anti-CD4 inhibited formation of 
neutralizing antibodies against a recombinant gene product delivered in 
vivo, and allowed prolonged delivery of a foreign protein. Its role as 
adjunct treatment for appropriate patients receiving gene therapy should 
be examined further. 
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AB The mechanisms that regulate the strength and duration of CDS (+) 
cytotoxic 

T cell activity determine the effectiveness of an antitumor immune 
response. To better understand the antitumor effects of anti-cytotoxic T 
lymphocyte-associated antigen 4 {CTLA-4) antibody treatment, we analyzed 
the effect of CTLA-4 signaling on CDS {+) T cells in vitro and in vivo. In 
vitro, cross-linking of CTLA-4 on purified CDS (+) T cells caused 

decreased . 

proliferative responses to anti-CD3 stimulation and rapid loss 

of activation marker expression. In vivo, blockade of CTLA-4 by 

neutralizing anti-CTLA-4 mAb greatly enhanced the accumulation, 

activation, and cytotoxic activity of CDS (+) T cells induced by 

immunization with Ag on dendritic cells (DC). This enhanced 

response did not require the expression of MHC class II molecules on DC 

the presence of CD4 (+) T cells. These results demonstrate that CTLA-4 
blockade is able to directly enhance the proliferation and activation of 
specific CD8(+) T cells, indicating its potential for tumor immunotherapy 
even in situations in which CD4{+) T cell help is 
limited or absent. 
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AB The present invention is directed to a method for providing adeno-assocd. 
virus (AAV) mediated gene therapy to a patient, comprising administering 
to a patient a replication-defective adeno-assocd. virus particle which 
infects a cell -in the patient, the particle having therein a gene 

^""^""^f protein needed by the patient, the gene being operatively linked for 
expression in the cell, and at about the time of above-administering 

^^^^'also administering to the patient an immunosuppressant that suppresses 

patient -s humoral irmnune response. This allows for expression of a gene 
encoded by the AAV vector without inducing a neutralizing immunoresponse . 
The present invention is also directed to pharmaceutical compns . 
comprising the above described adeno-assocd. virus and humoral 
iZuno-suppressant in a pharmaceutically acceptable --^^ ^^^^^P^.^^.f 
proteins expressed by the above-described vectors include erythropoietin, 
thrombopoietin, human growth factor, leptin. Factor VIII, Factor IX, 
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